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(54) MULTIPLE WAVELENGTH LASER ARRAY MANUFACTURED WITH FLIP-CHIP BONDING 
(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a monolithic 
multiple laser structure which includes the capability of 
emitting a multiple wavelength laser beam, having a wide 
range of infrared to red and blue for wavelength 
spectrum and close intervals. 

SOLUTION: A red/infrared parallel type laser structure 
100 is bonded to a blue laser structure 200 with solder 
bumps 402 and 404 by a flip-chip method, to form a 
red/blue/infrared integrated laser structure 400 
integrated by a hybrid method. This method allows a 
laser array structure having laser elements of different 
wavelengths to be manufactured, even in semiconductor 
materials which are not compatible with a manufacturing 
method by etching and regrowth. 
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Partial Translation of Japanese Patent Laying-Open No. 11-340587 

[Abstract] 

[Problem] 

It is desired to provide a monolithic multi-laser structure having 
ability to emit multi-wavelength laser beams with minimum spacing in a 
broad wavelength spectrum range from infrared to red and blue. 
[0007] 

An object of the present invention is to provide a multi-laser of a 
monolithic structure capable of emitting multi- wavelength laser beams 
with minimum spacing, having a wavelength spectrum from infrared to red 
and blue. 



m^if-w^mff (jp) 



«2) ^ §8 4# 1^ ^ ^ CA) 



#^^11-340587 



(51) Intel. 




F I 




HOIS 3/18 


6 8 0 


HO IS 


3/18 6 8 0 








M^JKcoftl OL 9 M) 




ItHVU- 125194 , 


(71)taiHA 


590000798 










(22)tURB 


3PlKll4^{1999)4^30H 




XEROX CORPORATION 








T;>^U;^^*Ea 06904-1600 r3 4^7^-< 




0 9/0 7 3, 5 9 8 






(32)ajlcB 


1998^ 5 ^ 6 B 




^ P— H -800 




*H (US) 




















— ;u Av'h 110 yn— 








220 



















(54) [^?9cD^liN] y^}-j^^-j:fm^-QfAi/^\.1t§^W6L&V-^TV^— 



(57) n 

i)o - 





J *e/*3'i.M.9yjg b — tf «3i 1 0 0 Asft 

feu— !fetii2 0 OlCifiEa^^>7'4 0 2, 4 0 4T-7U 
S c O 75 atz J; U :c -y > -y-^flfiKft J; s 

So 









r/ 






57BS^ M - -43 : i' 



ffi -ffl U— tf fitiit? ft -D T . 

©g^^etft-pT. i!i^^-©}g^^mo'>tt< 

-ojcUg^$<ism-©g^^fi8i:. 

-tJtcg^^n%iBH©jg^^eii. ^*-r5^-©k 
icvM r;^®E*EPJni-r s c hi^-ct sm-i} 

^— ©ilSfi©^5Sftffl;?-U- S »i3BfjaB^-©rSi4P.Jl!c 
t-v- W TxmESWiJD-r i) z i:ii-C-§ smn*) J^U^^EH 
©g,^i:. 

tcM<rxiiQE$:WiJO-ri) c i:6'T-# s^SiJ J;t>-»A 
[0 0 0 ij 

['Cl£3|5®S'rfT] T K U X sj'hE^S: * U •> -y 
JtiS, y "j •> 'i'#fiil*IOB<?© W— If ^^A>6 

AS^I> ^•^-x-f ;^ru'f . *>.J:t;=^oft!i©?t3BI*-^ 



[0 0 0 2] i'—Vy'>) > ■S'-^itflBiii^gi^ i:©^ < Ci 
^SJi. ^MU— »ftr-A©fiSffl{cj:oTt4fl&A!(nl±t 

:^^-v hffit«:©i'-*'— 7'$ftsv>M-?-oni5.*©EB-c-®n 

[ 0 0 0 3 J ±a3^©((!l®i§^ < ®fflid!(C-t3i .-c\ ^-fv. 
teft a: t S^c RflFH© ffiS© U — 1— Aiiti-ig h 5 

[0 0 0 4] m^jimt^(Dm^a)v—^-\i-h^mzf5& 

®-o(C. «S!SOb— tf^:)t-tt'f h (.■ttitDhU—*/:^ 
Vp^y) ®ttiS»1g±'NC7:)ffjBEi)«fti>c, cOT^jSii^ 
L <WjimWi<J>Wk A $:f^ S C h *s-C- # S -ti ©'Cft 
2) $tatt'«ff tc J: 2. ^ y U •> y ^ fj: U — •f-T' u -ft. 
jR{t{$ns u-1f t:-Ai4jam-i)5ft®j^Tft^fc. 
[0 0 05] 

[%Pflft5fP*L.to>:^5S¥.a] *y 'J'>-y<7^j:U-1f 
r U — i)' 6 ® ^ 'St S iSS© b — If t:— i ® I6zfe 1 - o c- > T 

^ai© J: -5 tf^ji^JsS-e®^i!j^(2|:©Sfb 

{C J; •3T?SS©iSft^(b>t)nf enSo C®73;4!lSifiiC 
*i7T-#2.)!)J. )Jift©^<b*Sib")«^ < > ::*;#©fijjt{c?^ 
LT^+^T^ftSo 

[0 0 0 6] :*;#©mS®^iat-*5t.>-(:. L—if^^^A* 

«^/)^?55^r^i)>e*fe*iJ:t^•efe^-3b.^tT®t^:t>il$:gll!H 

2> iSfi© U— If ^jgis:f# S (C{±^i« S OfflO^jKiilfiiS 
ttSabs.iSS4tCt.6Sft So o^D> y-J'ttln 
G a A 1 N ^ if ©S(b«3^,i|5.egf*@. *^|. U— If (C!± A 
llnGaAs^ i:'©Bt^l^#ji(*a AS!£:-MT-,a 0 . * 
u -If tell GaInP4tif©')> i\:,m^x^mt^m 
, gT-ftS. . ■ ■ 

[0 007] -^^mt. mnt^^m^iiXun^izMf 

X(Di&M:^^9 b^u**)-?. S'iBBPi©^fflitJ*U'— tf 
[oTtTHT ' 

mm^m^-r s ^ ^©^kj w-^/m^mm-^^ w -if 

tSiSAme W—tf^iitw y >) -y -y y^jg&;^tiT , 5f 

fe/We/^^PW -y K^i^®mtarb$n;tu-+f 

filig AS ffJfiS;^ S o C ® i^SiCi IJ X y ^ > -^SBSfi 
S ^&<D U— If 5fS^* t) o U— If T U-tJJig^^ff 
[0 009] 

9\-x ^-jo ffj tf fifit©seafeiKi3Bfe b-if 



l^Sg^P 1 1 - 34 0 5 J7 



(3) 



(0010] EI 1 {C*^Bfl»C.J;5#fe/*i'|.ai9!lff$U- 

iff»iai 0 o$T^s-r„ 

[ 0 0 1 1 J 13 1 l-rsi- ioCs Iftia^gmraEicSffi 

( M 0 c V D ) i: iqjfin 5 sai© i t: dp- s/ -v 

^fflt^X. nMGaAsStgl 0 2±{Cn^Aio, 5 1 
no, 5 PTSB^ ^ -y KJl 1 0 4 ffeCfiKS 

(9!l;?.Ji?!$raxl^^^^r-> (LPE) . fl-^i^x^^^^ 
V (MBE) . i5.J:l>'^©ftii(Z)i&ai©^S«!K:R^*^ffl 
tr-fo tl/V Tg|5-5"7 -y Ym 1 0 407';i/ ^ A©^ 
A^**(4*<;5 0%r-^!). K— t:>'7b'^;Kil~5 x 
1 Ol«cnr3T?$»S, All nPTgP^'v-v HJi 1 0 4 
©If^{±^l/.fin-eS5o nMGaAsStgl 0 20K 
- tr > U \±Mm 5 X 1 0 1 S c m-3 W±T-» S o 
[ 0 0 1 2 J TSI5^7 y KJI 1 0 4±(c K-t^>^^!&: U 
®Alo. 4Gao, eAsTSPffltatoJil 0 64fBEK-r 

TgC^bjiaJi 1 0 6or;w$x-^Ag-ftgJi,?5;4 
0%T-$>ij). J?^(±$^ 1 2 0:^y )t-^7T-S>i.„ TSPffl 
L- a«>Jl 10 6 OffJfiKm. I no. 1 5 A 1 0. 1 5 G ao. 7 A 
s SttJl 1 0 8 ^mn^t^-, fStt« 1 0 8 {i^J 8 3 5 n 
m©^4&iB^5,. fSI4@10 8{4. -a^«:R. f-m 

©ir»f tir-t..J:i>„ -S^^#fP©jfi${i-flaic5~2 0 

•f-y <-9X'^>J. *StJ6(?ijTJ4 8:h.y^— '5'-C^5o 
fSttJl 1 0 8±C h--t:></^ LOA 1 0. 4 G ao. { A s 

±gPCTi;ii«)e 1 1 o^mmi-%<> ±a5ffli:ii«)ji 1 1 

0©*se5tc7';ps.-.>A^-^M{44 o%T-fet). 

(tm 1 2 O-^y — ^X'SSo Tg6l?ni:ii©Ji 10 6. 
±g|5fflbji*f)a 1 1 OSlh'fSftJi 1 0 8j!)S, L 

1 1 2^m-t5o 

[0013] Iffftig 1 2 0©±g|5fflbiiK)a 1 

1 0±{C. *i|lX£ml?^F©Alo. cl no. 5P±gl55'^-y 
K« 1 1 4$:ffM^?), lll?H5?^±gp^7'y KH 1 1 4 
©r;w i -f!? A^WStJ 5 0 %T-^ IJ . V i^;^ -> -i; A© 
K-l^>'yiy"<.;Ki5 X 1 0 IS cm-3r-^2.„ 
(0 0 14] pSAlQ, fl no. 5P±g5'?-5-y KSl 1 
4±{CGao, 5 I no. EPPISKi^l I6^m^-t%. 

mm&^^j:wm&rm 1 1 e-z-it. mmti^s o nm-cs 

»J. viy;t.i/»>A©K— tr^yU'^^PdJ^S X 1 0l*c 
m-'r-feSo COGa I nPB^E^Ml 1 6±lCp+ 
SGaAsdr-f -y^'li 1 IS^ffjEKIT?), ^M&^^^-v 
•y7'e 1 1 8r-(i, PJ|t*i 1 0 0:^y j<— ?T-SD. V 
^7 1'. •><;/»© K— tr>'yb'<;i/As 1 x i O^'cnr^T* 

(0 0 15] nS'GaAsSlgl 0 2^pc>=^f-\'-y7'iil 
1 8^T©«-cmb— »f|»iil 2 0!bsffJfiK^n?.„ 
[0016] ^.^l-b— »ftSii 1 2 0©xt;^*'>-v;i'RK 

ftfgs 0 1 <Dm&/m9mmfi'—*fmM i o o±{c^ 



Ibi^'j3> (SiNx) $/;{iSS(b->'Jr3> (SiO^) 

jf (ia^-«i-r) 4KJit-?>-, c®'^. c©gfb->';D> 

•7Xvx.yf=->y^ffll.Ttf^©X h^-f ■yim>M&m 
(tSo h^^mS ©tSJiS 0 0 

D>T?ft!), MPHfiS 0 0 ^>D>-C^%o ;*UT\ ^' 
x>K (CjHgO?: H5O) . i§S?fb7KS (H2O2) 
43J:lh''>a'>^ (HBr) ^ffll^riS^fb^x-y f^>^ 
lCJ:tj,Sg|5©g?5'f.U-iffSigl 2 0 4x.y^>i^TR^^ 

■rse cox-^jf-y^it. ^••fv^mi 18, p^aej^ 

JI 1 1 6. ±gB^77 .y K^i 1 1 4. ±g|!fflbiito;i 1 1 
0. ^ttJl 10 8. TgP^biito^ 1 0 etiXVT&i' 
7 y KB 1 0 4$Jf ^7^l«I{C«iCx.y5^>i;'tTnSG 
aAsS^l 0 2tc:3i-r.5.tTfT-5o i5?tcc©^a5|^© 

©Jf^RJE'^x y^^feg^i'i.U — ngja 1 2 0 «®©^fb V 'J 
3 > S fe«©fbi' y 3 > Ji % Xvx .y ^ > i^-C-RJS* 

(0 0 1 7] .nSGaAs»tgl 0 2±tcnSAlo. 5 

1 no. 5 PTS6^ 7 -y KJi 1 2 4 imB!it?>o TSPd' 7 
-y KJI 1 2 4©7';u5nr>A©^;i/5-^{4^S 0%-Cfe 
f)v K— tr>'i^u-^;Ki 1 ~5 x 1 0 1* cm-'lT-$)5o 
Al l nPTg|5^7;y KM 1 2 iom^imi 

[0 0 18] TgP^'v-y KB 1 2 4±tC K— tf>^7'&: L 
©Ino. s (Alo. 6Gao. 4) 0. 5 PTSPfflUiitoB 1 2 
6*JfM-rSo Taffll;a«)Ji 1 2 6©7'A5:^t;A^ 
3 0%tS»!J. m^imi2 0i-^j!i-9-X!i9 
So TSCfflUJi^a 1 2 6©Jf^R£'*. I no. cGao. 4P 
SttS 12 8 4JfM-r2>o rStSES 1 2 8{i«^6 7 0:^y 
^-'5'©^t*»iB-^-So SttJl 1 2 8«, -a^=^#P. 
^aa^^P. fe?.l^(i-a^#p<k»)^©;*;S^^# 
-jioo»-rnT-*><tv>c. -a^»F©iP$j4-flBt-5~ 

2 OTj-yy-'S'TSij, 1iJliSf«r-{±8-*-y;>{-^'TS 
5o fSiSai 2 8±(c:K-tr>^^^U©Ino. 5 (Al 
0. sGao. 4) 0. 5P±SPffll--a«)« 1 3 04ff^fi£-f 5o 
^M65'&:±a5ffll^ji»Ji 1 3 0 TJi, ^ ^-i; A^* 
g*i3 0%-eS»Jv B$3!)^«>H 2 0:hy:>{-^'-eaSo 
TgemUiitoJl 12 6. ±&im\^iMst)m l 3 0Sl5rS<t 

SI 2 8*5. L^t.^mm\at^&<x^m^o'pi:tuu~ 
■tf»iiicjiLfeaf4^fe?i 3 2&ffM-r5o 

[0019] gS;6V— »ffi|ig 1 4 0 0±g|5m U^iittS 1 

3 0±1C. ^l~^7p>I¥^®Alo. 5lno. 5P±S15^ 
7 >y KS 1 3 4^ffMt- So iftMe*;'&i±g5^?^ -y 1 
3 4-C«. T;i/ix.>A^ta*J5 0%T% -^i^^^i"? 
A© K-tr>'5^b^;i'd5 5 X 1 OlOcnr'T^Sc 

[0 0 2 0] pS^A 1 0, 5 1 no. 5 P±g|J^' ^ KS 1 3 
4±{CGao..5 1 no. jP^SfiiSJi 1 3 6 SffjfiE-TSo 
«S!fi>J*Gao. } I no. 5 PRtSISSUi 1 3 6T-«, 



4*.W¥ll-3405!/ 



(4) 



65*^5 X 1 0l6cnrH'^5. C©PSS(E!«Ga I nP. 
mmtS.mmi3 6±«;p^SGaAs4r-v yrjll 3 8 

1 X 1 ol'cnr'-C^S., 

10 0 2 1] nSGaAsSKl 0 2i'6*-f -vT-JIl 

[002 2] gf^i-u— 120 h^.^v-^mm 1 

4 0«nSGaAsfttgl 0 2^^:S-r5o Sf^^l-b— »f 
filiti 2 OiigJ^feb— tfmigl4O0S^O±T'5"7-y 

e.'EcOx ■&'5'6s|5li;»P^i:i5|l;Kr-t'>yi/'<;f/ (K- 
l^>'7^LCD«^t.^tf) 4t.r?„ #nb-1f«jai2 

sfe/'^i'f-MyiHfju—ifBiiti 0 0 ^^J©#^'^^— tf «ii 

1 2 0*J;th'5S5ei/— »f.»8a 1 4 OCDS^tStitiffliSttli 

m 1 1 8*fJ:U=l 3 8±0. gSt9|.b-1fMjil 2 OJdJ; 
t^fgS^feb— IfPil 1 4 Offl<DSSfiag*liil5*3!>J^U 

[002 3] fPe/a^^'«?'Jff*l/— <f tSig 1 0 0 tC4o{t 
5#^rj.b— if^jgl 2 0h*feU— >f«ai 4 0©. ^ 

«'©3ejiiff^u— iffiijiiat-©«:^ripj©BiPi{iiEiitc 5 0 

(0 0 2 41 02JCSrx+ff*4^O. 555fe/*i'l-3L9y}f^b- 

-»f«ig 1 0 0 © y 'y^mmi^mtir^o 
[0 0 2 5] 13 1 \z7j<\,.t^.^/m^^mc.\y-^mm. 

1 0 0©4iafrte^±TJfMLfe'^. m2\Zyrs-tXo 
tc. ^(b->U3.> (SiNx) $tJiK(b->'J;3> (S 
i O?) (fWii 1 2 0©:^+ -yysil 8 

©±ffl*5<ty«*eb-t>-'«ii I 4 0©:^-v -y 7® 13 8 
(D±mi-Jfmt 5 o 5 0 X£ iHHPi© 2 *©:^ h -7 ^• 
>*:¥"\"yr)i 1 1 8*}J;V1 3 8±tcffjR!tL. X 
b ^'f 7'©H©gC^s:raP?glc-t 

[0 0 2 6] ^mtA9 y'-)l'<Dm-^ (Br : CH3O 

H) mi&^m\^^x^^9i-iy-v-'mm 1 2 0©^^ -yy-m 1 

1 8 i:Biae«Ji 1 1 6©lf-7X^?^^*i-y^>y 

VX^'^JiS-t^tt)*>Jiyf->^y4^*l'ttI,^dr-Vy7* 

«i 1 8twn&mmi 1 6/)'e>^-S'hff*o^iti 5 0 

[0027] l^^tc. "t i^y>-)l0m^ (B r : 

c H.3 0 H) mimmi^^rw&v-'^mm 140 ©:^r-v 

•yyji 1 3 8 fcPIMfi;!^ 1 3 6©lfvxi7^Js?4ai-y 
f->yU ■7Xi'lifi!s-r^*3ij:n.y^>y4$n'&t(,.ilr 
-v- <y V'Ji 1 3 8 fc^Sfiifiyi 1 3 6 6'6^j:5'JvJfJ©^1*- 

1 5 2 *rap=itt©isiaicr^R£^?., 

[0 0 2 8] mz^)>m (H;jP04) ^ffll»T/-9-l 5 
0©S(llOl ^ i'D>l?$©pSAlo. 5I no. sP±S5 
^7^>y HBll 4©lfv::^J7|SlS$^|lai.y^>^rjSt- 



J:»j;?^^|nI(-X-y^>i' LTs pSAlo. ■ I no. ■ P 
±615^' 7 -y KJl 114©. ±gnmi:.-*i>Ja 110, fiSfife 

m 1 0 8jo.it>'Tgcffli:c«))i 1 0 Gii'ibu^mf^mm 

1 1 2±T©J9*A'0. 3 5 ^^^>!C!&t?,.J;a^C-^■ 
[0029]|gfiHC, U>8? (H3P04) ^fflt^T -^It 
1 5 2<Dmm(D 1 5^?D>H$OpSAl 0. 5 I no. ; P 
±g|!^-5-y KJi 1 3 4©INvX'??pJ|?2:IS!KFJi-yf->'5^ 
^tCJ:»jl?^:^lR]iCJC.y5=->yL.T. pMAlo, j I n 
0, 5P±^^-5-y KJi 1 3 4©. ±gBmbC*{)ja 1 3 
0. rSVtm 1 2 8*iit>'Ta;muC*?)S 1 2 6!b»6"j:5> 
SttP-ilU 1 3 2 ±T©lf 0 . 3 5 i ^7 D 5 .i . 

[00 3 0] SiC fb^:i: y ^ > /;ro f^t) Ij (CJgfElf >f :t 
-y ^ >>r4ffl I. »-C J; I >c 

[0 0 3 1] x.y^:y^ti%TLXm2m>^ti'^m± 
ASofc'^. Sfbi/«.)=J>©Xh^'f 7'4^S-r5c 

[0032] 'fitlS 0©T7^t-?4ofc A 1 n. 5 1 no. 5 
P±a5<7 -7 -y Kii 1 5 4 6s 'J y i^Wi^SS 1 5 6 
f 5o c©#»gS 1 5 6{i; 5f5'H'— TBtii 1 2 0©fS 

[0 0 3 3] 1 5 2©T>5lC?^-:)fc A 1 o. 5 I no. 5- 
P±a5^? 7 -y 1 5 8 )bi y -y vt^^ftSS 16 0 $ftM 
•tSo ;10#jJiB51 6 0«; Jpeu— tfWiil 4 0©fS 
f4^gS*'e>fta^nfc?t©^fe^fl5]fflbji«)5A^*:st,-:>.,- 

[00 34] mVV-^mm. 120 i:*feb-+f filii 1 
4 0ra*«fgl 0 2tc*^Si-p|f$:^tai}ZJcyf->y 
LTjg^fflj#l 6 24ffMt-5:, C©5t(cj;oT— o© 

[0 0 3 5] ^fb->';=i>Xh7'f7-4P*5^L.fe'*. T 

i/Au©ps^]gm® 1 6 4 ^myv'-^mm 1 2 0 
(D^^ -y rji 1 1 8 iLmmwhwmmm 1 1 qhx 

V±gp^'^-y KJi 1 1 4©±n{CffM-r5-. '» yi/'tt^ 
JJJESI 5 6{iC©pl3^«mi§l 6 4f*!|-ffll:iA«)?,n 
§0 Ti/Au©pS^Jgm^l 6 6*. IfIS 

ii 1 4 o©:^^-v «y 13 8 k.>&mMm*>wm^mM 1 

3 6iJj;t;t±gPi?^ «y KJI 1 3 A(D±mzW>f^t^. ') 
•y vtt^iSSS 1 6 OJiC© pSifeJS«IS 1 6 6 (*i!cfflL' 
iitoens, 5S=.?|-b— y-'Miil 2 0 ^^Stfelz—tCMii 1 

4 Oi:©^tii«|giiJ&:5, Au/Ge©n^#Rm@ 1 
6 8 $Stg 1 0 2©TB(-JB^t-«o 

[0 0 3 6] ^iSmgtcm L' )i*?)6 nfc •) y vtt^i/JSS 

15 6 ^-feo^i'i-b— tffsii 12 0 >-^mn.mzm\:iK 

^hixtz -y i^*^^j/SBS 1 6 0 S*»o5lrSb-V«ji 1 
4 l»^li*>'>>-5^;i.^-K©f«i)$*&;KiBi-5. 

[0 0 3 7] ro)^.^\.)iixx^^'&\y—^mMmm^zm. 

?iJi2S t T S 4C ^, 6 -r s 3 :^ y fi}>* if i: I > o ¥ V » 

[ 0 0 3 8 1 13 5pfe/#Ji-ai?!Uf^b— If filii i 




0 0rix-y i;^^ff5©TU-Blii4*>c»o umi-(OMm 

gpicffjRCts, mii^-vm^i 2 oji. fstts i o s 

^ Stt^Jl? 1 1 2 T-^i L. rzW-9\.^^dft & b -if 18 

[0 0 3 9] ia3(Cl!:56Bfl(CJ:S«fel^— y--tSiil2 0 0 

[0 0 4 0] ttet-— tfma2 0 Ofiit^r-^r (Al 
2 0.1) S1S2 0 2St)Oo S1S2 0 2±IC. K-l^^y 
«i:LOM.y7TJi2 0 4S3 O:^/^ — $'Jf ^(CftJeaf 
C.Oh--t:>^^^L£bK.y77'«2 0 4±K:nSG 
aN/'?-y7vJi2 0 6$)fJfiS-f So COnM'^-v 7 r Ji 
2 0 60i/Un>© h--hr>yi<'^;Uil X 1 Ol&cm 

7T«2 0 6±»-nSI no. OSGao, 9 5NMJ^(£M^2 

0 SSffJEE-rSc I nGaNMi^fiigJi2 0 8©^@(i 

1 0l*cm-3-Cfe5o 5 6«wC:©I nGaNS5iJ^fii^ 

2 0 8±t-niyAlo.05Gao. jjNTSPi'^y K«2 1 
0 immi-i>o nSTgPi' -7 -y KS 2 1 0 U 3 >CD 
K-»^>^ri,^;Wilx 10l«cm-3-??. ^{iO. 5 

[0 0 4 1] n^GaNO^igEfl2 1 24nMAl'Ga 
NTg|ii'7-y Kg 2 1 0±{zm^-tio GaN^jg«2 

i2©Bijf«o. 1 ^^OT. i'y^xob-— b:>y 

U^Mt 1 X 1 0l8 cnr^TSSo m^m2 1 2±tc I 
no. IsGao. gjN/I no. 02Gao. 9sNO^fiS^#P 
atSJi2 1 4*}gRj6-rSo CtOIno. isGao, sjN/I 
no. OjGao. J6N^ma^fl:^TSf4Ji2 1 4li3~2 0 
CDS^#RA'6*t), I?^a!)^«>j5 0:hy ><-^/T4 1 0 
~4 3 o-^-y /-9cD^4jKai-rs<. Si4«2 1 4±tc 
pSA lo. 2Gao, sNCO^-f 'Jrmbii«)S2 16^ff^ 
C©p^AlGaN:^-f '77'raWXis{)Ji2 1 6 - 
Ovy;?.->0/:>OK— t:><ri/'<;Hi5 x 1 oHcm-3 
•efet). liJPJiO. 0 2;i7D>T-ife5o pSAlGa 
N^r-v'JTmbjiH)S2 1 6±tCpMGahf#jSJi2 1 
8 ^ff^EKf So GaN^jSa2 1 8©MB{i0. 15:^ 
D>T% v^jr^.i/'^ACDb' — tr>i''U'<M.i5 X 1 Ol9 
cm-lT-feSo. 3?jgJi2 12,2 1 8 tfil ba«)Ji 2 1 
6iJi:t>rSt4;i2 14i:j&i. !fMii©}Stt«J582 1 

[0 0 4 2] #iSJB2 1 8±(c:pS!Alo. OSGao. 92N 
CDJlgP'? 7 y 2 2 0 ?&Jf$J«-*-So pS±gPf -7 -y K 
S2 2 0£Ov^r;f ->i5A© K— tr^'i^U'^^HlS X 1 0 
IScm-^T-feDx ^»iO. S^^i'D^-CfeSo ClCOp 
S±a5^' 7 -y 2 2 0 ±(Z pS G a N««!Ji 2 2 2 $ 
ffMtZo g®e2 2 2©vir^->it7A(D H-Kr>yu 
'^^UiSx 1 ol'cin-^rSDx aSMO. 5^^7p> 




T-fcSo 

[0 0 4 3) m4izn<irnmiz. #eu-1f«Ji2 0 0 

©•Jyv^WiSaS^Sl^f^^Sc 
[0 0 4 4] I13(C^L/i«eu--tf^ji2 0 0CD4^^ 

eb-1fPig2 0 0©jg«Ji2 2 2®±ffltc»JBS1-So 

Sfi4a2 2 2ftnc^ngr.2 5 o^sattSo i*t»T\ ^5 

A^l-Ti/X h'f :*->e— AJC.y5^>^r (CAIBE) T 
MfiSS2 2 2©#fv:^^SlJ5l4 2 5 0:^x.y^>^-r5o 
C©x.yf->^^li, g^Ji2 2 2. pS±gCi'7-yKffl 
2 2 0. pS^i)Sfl2 18, pM:1r-\''J7'ffll:ii«)«2 
1 6. #Bfi?#t'^ff^rittJ§2 1 4. nM^igS2 1 
2. nSTSi5^?7'y h-ji2 1 0. nSlii?*BiSa2 0 8 
$:liC^^bTnMGaAsM->y7rJi2 0 60*02 
5 2(C:ii-raiT-fT^o C©x-yf->^'^. .7* hUj; 

[0 0 4 5] i):tc. giJ©7i-hUvXhx'::^^$:#feb 
-1f ^iS2 0 0 «f fflSMa 2 2 2 0±B*i JiO^SiB L td 
nsy^.y7r»2 0 6©.^ffi2 5 2±JCJBfiK-r«o 5 0 

2±(cjg^U ;^K^-f7'M©g|5^A*rao,^i:!5t5J;^ 

ic-rso 

[0 0 4 6] ^IC. ^*->l'rvX h'f *>t— Ax>y 
>>yiC<t-pTSMa2 2 2 fl'O^fvX^^JsJ^x.yf^- 

gl9Mi2 2 23!>>e.«:S/M50X-y 2 5 4 A^rapsSffJOit 

[0 0 4 7] 'r^3b>»l':r->X h-f :t>t:— Ax>y5^>^^ 
Siifl^-U-s .>«-y-2 5 4©pg(ffl©0. 5^^D>J?$© 
pMAlo.08Gao.|2N±eP5'^y KJi2 2 Ott>©|f7 
X ^^SE^^IBx .y ^ Sffl V ^TJS^ finite X -y 5=- 
>^-rSo C:©x.y?->i/'Ji, ^jSJ12 12. Sf$Ji2 
14. ^bci&^)§2 1 6^-.J:U^'^t^2 1 Siytbi3.^m 
t4^J^2 19±©pMAlo. OSGao. 92N±gB^7•7•y^- 
J12 2 0©)P^fiS0. 3 5 ~ <7P>{C;&:SiT-tfOo 

10 0 4 8] X'y3^>y||7'^. M/i^::^ hffivx 

[0 0 4 9] ><-y-2 5 4©T:5{C?^o;tpMAlo. QgG 
ao. 92N±gp<5'^ -y h-S2 2 OA^U -y i^^^^jSlg 2 5 6 

ii^Sc co#jsss2 5 6ji«ew— if«ja2 0 oca 
tt^j^iH e fifciu ^ it© ^^B5ffl L- jXtt5«!)«4 1. -^o 
[0 0 5 0] a(b X h'^-fT-^fs^^bfe'^. T 

i/AuOpM^gm«S2 5 8 5, WSb— tf«ii2 0 
0 ©±g|5m biii&Ji 2 2 0 ©±ffl. U .y i/'ttil^iSK 2 5 

6 a^nmmm 222©x-9-25 4±tcjfM-r 'j -y 

~:^4^^iJ$B32 5 6tipM^^SS@2 5 8(cMb&M€> 
tiS, Ti/Au©nS!«S|5i2 6 OjbJnSGaAsn 
•y 7 re 2 0 6 ©as 2 5 2±(C}fJfiE^nSo 
(0 0 5 1] ^gaifi|{cfflbiiK)C>nfc'J -yi^tt^jlfiK 



to 0 5 2] la4{C^^t;t#6^— 9-|Sa2 0 0{iJi>y 

t^) S«feu-iftMii2 0 0©igaJicm^i.o 

— !f fi}jg2 0 0«. fSf4;i2 1 4 4gtfrStt«JsS2 1 9 

1 0 0 5 3 ] HI 2 fcg^^ ') -y i^tta^MKSCgSSS/gf.^K 
]l£.9ijff5l/-if.{8ji 10 0^, El 4 (CtR L /i 'J -v i^tt^jft 
Bg5:«e V— tft»ii2 0 0 iC 7 "J -y .y 7-}g^ LX\ 

[00541 7 y 7"^ y ^ffi .t -p T riofflifii^^: 
-D T -OCD*ag<^ii(i-f* fb L -t — D©^,« fb $ n 

[0 0 5 5] ii5icft^H;j^j;-(5!i«^xfo ^m^'i>ym 

CD^oO«jl>'^-y>-3 0 0*iJ;i;^3 0 2$/*fe/^?|.b 
-1f»ii 1 0 0 ®«pS A 1 0. 5 1 no. 5 P±&i7 ^ -y K 
Ji 1 1 445J:Ch*l 3 4£D«ffl(c:jfjfiS;^s (05 

(a) ) o mm^^-y K 3 0 oji. m\-i^—>rmM 1 2 0 

0 »J -y i^t^jgSSS 15 6 >:±a5^7 ^ -y Kffl 1 1 4±tc|ii 
IB-f 5o «®/t .y K 3 0 2I±. #61'— Iffiliig 1 4 0(D 
U i^ttiHiSig 16 0 fc±gi5i7 7 -y KJi 1 3 4±»C(fi[S 

[0 0 5 6] Sg^^-y K®ff5^{4-ao^]RJl©ai^^ 

1^2 0 Qi-y' ;i-9m^(DN imoammmizx on 

Slii>'<«y K3 0 OJt. Plb<pSSAlo. jlno. jP 
±g6^7-7 -y 1 1 4CD.!Sffl5.C(4BL fe. ^^fl-b— 

ii 1 2 0©') -yi^wissg 1 5 en.i.v'pm^mm.m i 

^arnSo mtS-'^y K 3 0 2 {±. IpI L- < p3kA 1 0. 5 

1 no. 5 P±SP'? ^ -y Vm 1 3 4©.Sffllc(iiB Ltz. * 
eu-lf^ii 1 4 0 © 'i -y vtt^i^aS 16 0 J;tKpSS 

ifeis«isi 6 6©n-mA'6'fe«)afl5sc^)-ai^ni.j:^t 

[0 0 5 7] 7--7Xv^(b(b^H5S.JSfi£SS (PECV 
D) Sfel42 7 5'<7T-©S?t-^^*(CJ:t>-C. Si 

0 NJfe^Ji 3 0 4 ^m,W-i y K 3 0 0 tiXV' 3 0 2 ©S 

{£±ffl±iwffa5e-rso siONjfeSJi3 0 4{iiiiBa[*it 



ttatMz. m®'<-y K3 0 Q.nXV'S 0 2 cVp^^ 
SmiS 1 6 4 iiXV 1 6 6 A»e> J: t) WMf^zmWiJicmil 
^•U-Sc ±g|;^'5'-y HSicp^fgb/t. fEIS'-^-y Kil^©! 

i /'Aumiimm(Du—wmyr- 1 ■y':'mm^^mx-$> 

«o SIS/'5-y h-©±Ji©T i/N iJl{±, ±g|;i'-7 y K 
ffl±©aiP^SSSfIJ; 1 0~ 1 2 ^^D>»$©Pb/ 
Sni|iBBM->7*j;©|iBfflgft)!ffijn©El>5?(iami:, ^ 

mmiiim±m t LT©faffl ^©^TM^ti^c i ^^m^m 

tz-tmm^i>r:>o N i (c(i^S(c$^.t<g3?fb% 

AsffM^nsfSHdSife I) . o T S i O N®©ta 

[0 0 5 8] d©'^, ifi«©7.t h •) ^5^7 7 -fsS^ffl 
l'»t:ie^S3 0 'l(DM9 — >->V^i7^., 7t M. ->' 
X h ©vx ^7 (Cg^-fr-T) (i. -y i^'ttaSifiSS 15 6, 
1 6 04-D.J;U--T?a©b-ifX 7 h(5SS6^.tl^: 

S i 0N$fe^«3 0 4©.S®tcffifig$n5.,.- SiO 
Nie^Sa 0 4©I^T;^^^^a£M7'7Xvji y^>y;S 
nx , 5 0 ~ 9 0 xi m g® Jg/^.tL 3 0 6 ij-mfi^ n i> 
^.^S?L 3 0 6 {±. 3 0 4 ^Mii LT^.^S' ^ ^y K 3 

0 0©fiiS*T-J?*:§|qKC3i-y5^>i^^n5.> »j^fL3 
0 8{±. $fe^M3 0 4 aMilL TS.^-'^'y K 3 0 2®fii 
B ^ T-IP^ 75 (nltcoi -y ^ > n?> c C ©31 -y ^ > 'i' tC 

tS^^FnS tittc. g^./^y K*0^ntt'£-t>o^Jslids 

[005 9] 2 O:^^;*— $'»;iOSn«3 1 0*m^. 
tL3 0 6 ^mixmi^^^'y K 3 0 0±{-ff5R£^n5., 2 
0-^y ^ — '$7lf^0Sna3 1 2i)'m.'^ll3 0 B^iSL 
-r^.^-'^y K3 0 2±(cff5RE$n?. (05 (b) ) , 

[0 0 6 0] <^<ci 0 ^ ^7p>g^0 7i- M^-:^::^ m 
3 1 4!bi=o©Jiyl^->®gEtcff5fiK^Fns. Z©7 
:l-hUvXb«31 4{m#JL3 0 6 ttHm^^l'CB^ 
A^-^tzmy'-MmilS 1 6. iJj;Vig.^?L3 0 8 tlu 
Sfi^LTfiJoS^-y-feittT^— /^ffJ?L3 1 8^4,-D (115 

(c) ) . 

[0 0 6 1] p b s n#Ba{im? f-i.«ff-;j§@i-,.t o 

T^*^n. ii:i»T-'J7 h5f7(Cj;^T. JE'^.-'^-y K3 
0 0±©SnJi3 1 0±{C»5RR^nfcPbSntg3 2 0 
*5J:l>'g.^'';-y K3 0 2±®S na3 1 2±l,zmm^ii 
fcPbS n|^3 2 2©}fJ4^{C^n5o iOjumm^OP 
b S n|gM«Btit4©&5Jf ;i^M>y K 3 0 0 . 3 0 2 J; U 
■^■pmti:Kni^o co'&7 3(- hb->?x h 3 14*'^^^ 

(115 (d) ) 
[0 0 6 2] ^mn3 2 04oit>'3 2 2 i)S7-7 -y 
fflV»T 7 D ^PtiT 2 2 0°C®SS(Cft]fSl^*i5 C iitc 
J; 'J . t'mn^(D $) S ^ y K fP.JlIc 3 0 0 45 J; y- 
3 0 2±(C?|ajg$ti-x #I3ctt©#fflA->7-3 2 
1/^3 2 6absff5fiR*n5o #EB'f>7-3 2 nm.^'^-y K 
3 0 0©Sn)13 1 0±tCtiiSU ifiBa''t>73 2 6(4 
^.^>' < y K 3 0 2 © S ne 3 1 2 ±{-Cl[S-r So S nO 



to 0 6 3] tftSii2 0 0©fg,^y<.y y t^m 

M->r*,[5ILV^aT-ffM;*ns.. S i 0N*g^@3 5 4 
*\ »ffi!|ii2 0 0©±g|5ffll;ji«)Ji2 2 0O± 

Si©. --D©T i / Au/T i/N i«,^,/< y K 3 5 0 

(Di^^^mp<^ ijiaM-v-rs s 8(ig,^/^ y h-3 5 0© 

S n^S 5'6±JHiiiiL, il^Ba/^^VS 6 2(±}§*/^-y 
K3 5 2©SnJ13 6 0±{C{4B^5 (US (f) ) o 
[0 0 6 4] lll*j.:fcI>'*>CT-{i— 9iJ^©ifiEB/'S>7'6sg^ 

[0 06 5] tE^.^-C y K 3 0 0 , 3 0 2±tCi}iBB^<>:7' 

3 2 4, 3 2 6 ^i)-^m&/mmmf\y-vm^ i o 

0 h" 3 5 0 , 3 5 2±lc4iBa^t>7*3 5 

8 . 3 6 2 tffltig 2 0 0 liM^O^mT 

■^n-S'n© w-if fgji©4iffl;'?>7-«HcM^tJ$ 

[0 06 6] 06 ^m-tJioiZ^ G a A s ^^^Stfe/gS^n 
aeWJU— Iffiliil 0 6)!)«I nOaN/it^T-f r^ft 
eb— f »ji2 0 OCMgptc. 7'J-y7'f--y7-J''7^:h 
> ? I «:C ± 1 0 >ti m©C3[g*SaT- 7 >; -y 7"^ -y 7" 

*e/*5'f.M?ij)f5u— »f«ji i .o o©i|iBa 

''^■>7•3 2 6 , 3 2 4ds^ti^n-»eL'-if^ii2 0 0 
©4iH-'^>r3 5 8, 3 6 2ic^M^S<kolC^*x-C. 
7 ^ -y 17 XT- (iSi ^ (S^^ , 

1 0 0 6 7 1 coM-f y Kjfjic©^Wfb$nfe*e 

x^&/m9\-mmi^i-v-vm^4 ootmm2 2 o°c© 

SR(cJ)0^$n^c ^z:©'; 7P©H^w-rp©4iEa''^'> 
7'3 2 6, 3 5 8{i-r3©iJ£BB>'f>7'4 0 2{C!&:»j, - 
o®itifflM->7*3 2 4, 3 6 2{i— :?©i|iBa/N->7"4 0 
4!c^2.„ c©^^lI7^c^^■^-J:o^c. sij':?-&:--D©gf. 

€i/mn^nmu-^mmi o oi5j;u««fei.— if.»iii 
2 0 oas^^nx— r»©«mfb*n7feu— tft8ji4 o 
oAs^bs. c©g^xg©M{c, 

WicffiK g3M^i4©Sa!g*tcJ:-5T§lo5ie*u ^ 

[0 0 6 8] Wfeb— IfO'; >y->-2 5 6 (i5f.fel/-1f© 
yv 1 6 0 t.m['\y-^<D') -yi? 1 5 6 tO^^izm 
S^tlX. {t:?^|pI©iafiA^Sg?5{C:&5J:-5{C$nSo fit 
7^ I^J©raPB^i''^" > T-gtcffii^-r 5o (9iJx{i4iE a- > 
£m©gi&s.5 0. 7 0i5j:t>-9 0//m©«^{i, ^'yT* 



mmii^ix^H3 0. 4 0*5.1:0=5 0//mT-fe 5., c© 

u-vmi,z4^mizfs.i^m(f=]'7ox h-^'D^^u^t^fe 
*!>. {jt?7i6i©wpi!ia**jt-#fe 

(ommx-m&^ix^. *feu-ifi:*J'H^-ifH©MFi 
A5 2 OztmXfefvJis HfeU— <ffca5feU--if 

tf) K©MrH«l 0xtinTife5o.«f.*|Si©HFi 

i^ic J: o T {i. a;fe/*i'|.a&?!lJf* b— «f©a;f^tcm^ $3 
aii5:©ilii fc-tt c t tc J: -3 Tfij;&|Di® MfB^^H 

©7''J>^'tci:oT^fi[P^xfeSo 
[0 06 91 7 -y 7-^ y 7-»^(C J: 'J *«»©l^tS^^ 

M^^T^Pi^ii©, 7->j y K^ntM^(b^nfeu 
— if|gii4 0 oi^srt^nso :*:«m©*e/«fe/ 
»fMii4 0 otcj:tx mmu^^mz-jn^u, 
fSiS^iaiHi^** o?gs4gis©i2:i^=s© u— »f jgfitiijbJ 

tEa©ffi^'ia5iBfl] 

[0 1 ] :*:^8fllC J; SSf fe/*^^^teyyff^L'— Iffllii© 

^mtt-m^mi-mm^x-&^, 

[0 2] *f6H^tc J: 5 «; -y xttag5)SBS^*fe/*?l-3e 

nm\^—*fmM(D^ti.m^^^-rmmmx'S>i. 

[04] it:^B^{Cj;i,>;-yi;tt#j^SC«feb-1f« 
ji©4i|gft:S$T^-r»iffl0Xfe So 
[05] -^flWtC i 5 7 'J y 7-^ -y 7'ef^6sfTt)n 

[061 .*^Wtc J: i).7 U jy.rf" -y 7'g^*Jf7 fcttS . 

©i»i^f*«s:rx-f BJrffl0T-$) 5 o 
[07] /^*B^tc:a;S7U yT-^-yT-Jg^XffJeS^n 

[?5-^©a5iB3] 

10 0 ^iffe/'f5;^'i.3i9ijffji.— if.^ii. 10 2 nmo 

aAs*t5. 112, 132, 2 19 Stt««J. 12 

0 tfflfjl. 140 5F>eb-if«iiv 15 

6, 1 6 0, 2 5 2 U-yi^^^^iSBS. 2 00 «feU 
-1f«ig> 2 0 21f7r-^rSig, 3 2 4, 3 2 6, 3 
5 8, 3 6 2 #BaM>7'. 400 m&/^&/0n 
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